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During  the  past  funding  year  this  postdoctoral  research  has  focussed  on  the 
association  between  serum  organochlorine  levels  and  postmenopausal  breast  cancer. 
Results  from  this  research  were  presented  at  the  annual  meetings  of  the  American 
Association  for  Cancer  Research,  Society  for  Epidemiologic  Research,  and  the 
International  Society  for  Environmental  Epidemiology.  This  work  was  awarded  with  an 
American  Association  for  Cancer  Research  Young  Investigator  Award,  the  Best  Student 
Abstract  Award  of  the  International  Society  for  Environmental  Epidemiology,  as  well  as 
the  Dean’s  Award  for  Outstanding  Dissertation  Research  of  the  University  at  Buffalo.  In 
addition,  efforts  were  made  to  evaluate  the  utility  of  frameworks  for  grouping 
polychlorinated  biphenyl  (PCB)  congeners  into  meaningful  analytic  units.  Manuscripts 
covering  each  research  project  have  been  submitted  to  Cancer  Epidemiology  Biomarkes 
and  Prevention  and  Environmental  Health  Perspectives,  respectively. 

PART  ONE  -  ORGANOCHUORINES  AND  BREAST  CANCER 

INTRODUCTION 

Environmental  factors  have  been  implicated  in  breast  cancer  etiology,  due  to  the 
steady  increase  in  incidence  over  the  last  decades  (1),  regional  and  international 
differences  in  incidence,  and  observed  changes  in  incidence  rates  in  migrant  populations 
(2).  One  group  of  environmental  exposures  that  has  been  examined  in  relation  to  breast 
cancer  are  organochlorine  compounds,  such  as  2,2-bis  (4-chlorophenyl)-l,l- 
dichloroethane  (DDE),  the  major  metabolite  of  2,2-bis  (p-chloropheny  1)- 1,1,1 - 
trichloroethane  (DDT),  polychlorinated  biphenyls  (PCBs),  hexachlorobenzene  (HCB),  and 
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mirex.  During  the  early  1940’s  to  1972,  DDT  was  one  of  the  most  widely  used  chemicals 
for  controlling  insect  pests  on  agricultural  crops  and  for  controlling  insects  that  carry 
diseases  such  as  malaria  and  typhus.  PCBs  have  been  manufactured  commercially  since 
1929  for  a  variety  of  applications,  including  use  as  dielectrics  in  transformers  and 
capacitors  and  for  cooling  fluids  in  hydraulic  systems.  HCB  is  a  widespread  chlorinated 
hydrocarbon  originating  from  agricultural  and  industrial  sources.  It  was  originally  used  as 
a  fungicide,  but  currently,  the  major  source  of  HCB  is  industrial  emission  as  a  side 
product  related  to  the  manufacture  of  organochlorinated  products.  Mirex  was  extensively 
used  in  the  southeastern  US  for  the  control  of  the  red  fire  ant  and  as  a  fire  retardant 
coating  for  various  materials.  Although  commercial  production  of  all  of  these  compounds 
was  banned  in  the  early  1970’s,  measurable  levels  of  organochlorine  residues  are  still  found 
in  human  tissue  and  blood  samples.  This  persistence  has  been  attributed  to  their  slow 
metabolism  and  high  lipid  solubility,  leading  to  storage  in  adipose  stores,  including  breast 
tissue.  The  primary  route  of  excretion  for  these  compounds  for  women  is  lactation  (3). 

Evidence  from  laboratory  studies  has  demonstrated  a  complex  diversity  of  biological 
effects  associated  with  these  compounds.  DDE,  HCB,  mirex,  and  some  PCB  congeners 
have  been  associated  with  induction  of  cytochrome  p450  enzymes  (4-9),  which  may  or 
may  not  be  associated  with  estrogenic  (10-14)  and  antiestrogenic  effects  (12)  shown  in 
some  investigations.  Studies  have  also  noted  changes  immune  responses  (15-17)  and 
tumor  promoting  effects  (4,  7,18-20). 

The  body  of  evidence  on  the  effect  of  organochlorines  on  breast  cancer  risk  is 
limited  (21-27).  Several  studies  compared  organochlorine  concentrations  in  neoplastic 
tissue  with  tissue  levels  of  women  with  benign  breast  disease  or  women  who  died  in 
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accidents  (21-25).  Results  from  these  mammary  tissue  studies  are  inconsistent  and  were 
hampered  by  several  methodological  limitations,  including  small  sample  size  and  absent 
or  inadequate  control  for  known  breast  cancer  risk  factors. 

Only  recently,  two  epidemiological  studies  examined  this  risk  relationship  with 
more  precision  (26,27).  Wolff  et  al.  (26)  examined  DDE  and  total  PCB  concentrations  in 
sera  from  58  breast  cancer  cases  and  171  controls.  Although  risk  was  associated  with 
higher  levels  of  serum  DDE,  there  was  no  evidence  of  a  linear  relationship  with  greater 
body  burden  of  PCBs.  Increased  risk,  either  statistically  significant  or  of  borderline 
significance,  was  observed  for  all  PCB  exposure  levels  above  the  lowest.  A  nested  case- 
control  study  was  also  conducted  by  Krieger  and  colleagues  (27)  consisting  of  150  breast 
cancer  cases  from  three  ethnic  groups  (Caucasian,  African-American,  and  Asian)  and  150 
matched  controls,  all  of  whom  had  blood  samples  stored  in  the  late  1960’s.  No  excess 
risks  of  breast  cancer  in  association  with  serum  levels  of  DDE  and  total  PCBs  were 
observed  for  the  total  sample,  although  there  was  some  evidence  for  nonsignificant 
increases  in  risk  for  Caucasian  and  African-American  women  with  higher  DDE  levels. 

In  this  case-control  this  study,  we  examined  the  overall  association  between 
serum  levels  of  DDE,  HCB,  mirex,  total  PCBs  and  PCB  congener  groups,  and  risk  of 
postmenopausal  breast  cancer,  and  possible  effect  modification  by  history  of  lactation. 
This  research  adds  to  the  existing  body  of  evidence  in  several  ways:  first,  the  effect  of 
organochlorines  on  breast  cancer  risk  was  examined  in  a  group  homogenous  with  respect 
to  menopausal  status,  postmenopausal  women;  second,  because  of  a  larger  sample  size, 
we  were  able  to  determine  the  effects  of  these  compounds  in  subgroups  of  women, 
defined  by  history  of  lactation;  third,  because  of  the  availability  of  the  extensive 
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questionnaire  data  we  were  able  to  adjust  risk  estimates  for  all  known  and  suspected 
confounders;  fourth,  all  risk  estimates  were  adjusted  for  serum  lipids;  and  fifth,  we  were 
able  to  examine  the  effect  of  PCBs  in  much  greater  detail,  due  to  the  availability  of 
congener  specific  data. 

MATERIALS  AND  METHODS 

The  effect  of  environmental  exposure  to  organochlorines  on  breast  cancer  risk  was 
examined  in  a  subset  of  participants  from  a  case-control  study  of  postmenopausal  breast 
cancer.  A  more  detailed  description  of  this  study  population  has  been  published  elsewhere 
(28).  Briefly,  women  in  this  study  were  enrolled  from  1986  to  1991  in  Erie  and  Niagara 
counties  in  Western  New  York.  Included  were  439  postmenopausal  breast  cancer  cases  and 
494  postmenopausal  community  controls  between  the  ages  of  41  and  85  years.  All 
participants  were  Caucasian.  Cases  were  identified  from  most  area  hospitals  and  were 
interviewed  within  two  months  of  diagnosis.  Of  the  eligible  777  women  with  breast  cancer, 
439  (56.5  percent)  were  interviewed.  The  primary  reason  for  nonparticipation  was 
physician  refusal.  Controls  were  1076  female  residents  of  the  two  counties  who  were  from 
Health  Care  Finance  Administration  and  New  York  State  Department  of  Motor  Vehicles 
records.  494  (45.9  percent)  of  the  eligible  postmenopausal  women  agreed  to  participate. 
Cases  and  controls  were  interviewed  in-person  by  trained  interviewers.  The  interview  took 
approximately  two  hours  to  complete  and  included  assessment  of  medical  history,  reproductive 
history,  occupational  history,  exposure  to  exogenous  hormones,  family  history  of  cancer,  and  a 
food  frequency  questionnaire  that  assessed  usual  intake  in  the  year  two  years  prior  to  the 
interview. 
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Of  women  who  provided  usable  interviews,  approximately  63%  agreed  to  donate  a 
blood  sample.  Blood  was  drawn  for  262  postmenopausal  breast  cancer  cases  and  319 
controls.  Blood  samples  from  most  women  with  breast  cancer  were  collected  within  three 
months  of  surgery.  Blood  was  processed  immediately  in  the  laboratory  staffed  by  a  trained 
lab  technician  and  placed  in  a  freezer.  Since  collection,  the  saved  samples  have  remained 
frozen  at  -70°C.  A  subset  of  the  stored  blood  specimens  was  utilized  for  these  toxicological 
analyses:  154  women  with  postmenopausal  breast  cancer  and  192  controls.  Cases  were  only 
included  in  the  final  study  sample  if  their  blood  was  drawn  before  chemotherapy  or 
radiation,  and  within  three  months  of  surgery.  Controls  were  frequency  matched  to  cases  by 
date  of  blood  draw  (±3  months)  and  age  (±3  years). 

Laboratory  methods  The  laboratory  analyses  were  performed  by  the  Toxicology  Research 
Center  Analytical  Laboratory  at  SUNYAB  (TRC).  The  concentrations  of  DDE,  HCB, 
mirex,  and  56  PCB  peaks,  representing  73  congeners,  in  the  serum  samples  were  determined 
by  the  method  of  Greizerstein  et  al.  (29).  The  procedures  include  standardized  extraction, 
clean  up  and  quantification  by  high  resolution  gas  chromatography  (GC)  and  comprehensive 
quality  assurance  program  to  minimize  systematic  and  erratic  errors.  Trained  and  blinded 
laboratory  technicians  used  2  grams  of  serum  to  determine  levels  of  DDE,  HCB,  mirex,  and 
PCB  congeners  measured  in  ng/g  of  serum.  The  sample  was  mixed  with  solutions 
containing  IUPAC  isomers  #46  and  #142  (surrogate  standards).  Methanol  was  added  to 
precipitate  the  proteins  and  the  resulting  mixture  was  extracted  with  hexane.  The  extract  was 
concentrated  and  then  cleaned  by  passing  through  a  Florisil  column.  The  eluate  was 
evaporated  to  a  small  volume  and  isomers  #30  and  #204  were  added  as  internal  standards. 
An  aliquot  of  the  mixture  was  injected  into  the  GC  equipped  with  an  electron  capture 
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detector.  Quantification  was  based  on  calibration  standards  and  response  factors  calculated 
using  purchased  reference  materials.  The  quality  control  activities  consisted  of  analyses  of 
samples  in  batches  of  six  to  ten  simultaneously  with  quality  control  (QC)  samples.  The 
quality  assurance  program  checked  that  the  procedures  were  under  control  by  the  use  of 
control  charts  and  set  the  criteria  for  data  acceptability.  The  limit  of  detection  (LOD)  for 
each  analyte  was  determined  as  the  mean  of  background  noise  plus  three  standard  deviations 
in  five  reagent  blank  samples.  The  TRC  participates  in  the  Great  Lakes  Research  Program 
Quality  Assurance/Quality  Control  Program  sponsored  by  the  Agency  for  Toxic  Substances 
and  Disease  Registry  (ATSDR)  and  in  the  Northeast/Mid-Atlantic  Breast  Cancer  QA/QC 
Study. 

Statistical  analyses  Risk  of  breast  cancer  was  examined  for  serum  DDE,  HCB,  mirex, 
and  PCBs.  The  effect  of  PCBs  on  risk  was  examined  using  several  measures  of  PCB 
exposure.  First,  the  detected  levels  of  the  56  PCB  peaks  were  added  to  obtain  a  measure  of 
total  PCBs.  Second,  the  number  of  detected  PCB  peaks  was  determined  to  obtain  an 
alternative  measure  of  total  PCB  exposure.  Third,  three  groups  of  PCB  congeners  were 
determined  by  adding  the  detected  levels  of  lower  chlorinated  PCB  congeners  (IUPAC  #s  6, 
7+9, 18, 19, 22, 23,  33, 15+17, 16+32, 25+50, 31+28, 40,  45, 49,  52,  55,  60,  64,  70, 42+59, 
47+48,  66+95,  and  77+110),  moderately  chlorinated  PCB  congeners  (IUPAC  #s  87,  97,  99, 
101,  118, 151+82, 129, 134, 135,  136, 138, 147, 149, 153,  141+179, 128+167, 171+156, 
172, 176, 177, 180,  183, 185, 187, 188, 174+181),  and  higher  chlorinated  PCB  congeners 
(IUPAC  #s  194, 195, 200, 203, 205, 206).  Grouping  was  based  on  biological  activity,  as 
well  as  on  data  availability.  In  our  initial  attempts  to  group  these  compounds,  e.g.  by 
enzyme  induction  or  estrogenic  activity,  we  discovered  that  most  women  had  no 
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detectable  levels  for  these  highly  reactive  congeners.  Thus,  our  decision  to  group  by 
degree  of  chlorination  was  in  part  driven  by  the  fact  that  we  had  available  data  for  all 
participants. 

Descriptive  analyses  included  Student  t-tests  of  means  for  cases  and  controls  for 
lifestyle,  reproductive,  and  dietary  variables,  and  chi  square  tests  for  categorical  variables. 
Multivariate  analysis  of  variance  (MANOVA)  was  employed  to  obtain  age  and  lipid 
adjusted  means  for  the  organochlorine  variables.  Odds  ratios  (ORs)  were  calculated  by 
unconditional  logistic  regression  with  95%  confidence  intervals  (CIs)  computed  from  the 
standard  error  of  the  regression  coefficient.  Most  exposure  categories  were  examined  in 
tertiles,  based  on  the  distribution  of  the  individual  compounds  in  the  controls.  Serum 
mirex  levels  were  dichotomized  into  detectable  and  non-detectable  levels  (referent) 
because  of  the  small  number  of  women  with  detectable  levels  (27.3%).  For  the  lower 
chlorinated  congeners,  women  with  levels  below  the  LOD  (30.1%)  served  as  the  referent 
group  and  were  compared  to  women  in  the  lower  and  upper  halves  of  women  with 
detectable  levels.  ORs  were  adjusted  for  potential  confounders,  including  age,  education, 
family  history  of  breast  cancer,  parity,  quetelet  index,  duration  of  lactation,  age  at  first 
birth,  years  since  last  pregnancy,  fruit  and  vegetable  intake,  and  serum  lipids.  Covariates 
were  only  included  in  the  final  regression  model  if  they  were  established  risk  factors  in 
these  data  or  changed  the  observed  risk  estimate  by  at  least  15  percent.  Lipid  adjustment 
was  modeled  after  the  method  described  by  Phillips  et  al.  (30). 

To  determine  and  describe  effect  modification  by  lactation,  which  was  expected, 
due  to  differences  in  elimination  of  organochlorines,  women  were  also  stratified  by 
lactation  history,  excluding  nulliparous  women  (n=48).  Subgroup  analyses  were  not 
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performed  for  the  lower  chlorinated  PCB  congeners  because  lactation  is  not  likely  to  be 
an  important  route  of  excretion  of  these  compounds  in  that  they  are  metabolized  within 
weeks  to  months  after  exposure  (31,32). 

RESULTS 

Descriptive  characteristics  for  cases  and  controls  are  shown  in  Table  1  for  the 
total  study  population  and  stratified  by  history  of  lactation.  In  the  total  study  population 
in  this  nested  study,  cases  and  controls  did  not  differ  significantly  with  respect  to 
demographic,  reproductive,  and  dietary  variables.  Cases  were  more  likely  to  have  a 
positive  family  history  of  breast  cancer,  and  less  likely  to  reside  in  rural  areas  than 
controls.  Among  women  who  had  never  lactated,  cases  and  controls  were  very  similar  for 
most  of  these  descriptive  variables,  with  the  exception  of  significantly  older  age  of 
menopause  for  cases.  Similarly,  among  women  who  had  lactated,  we  observed  few 
differences  between  the  study  groups.  Cases  were  more  likely  to  have  a  family  history  of 
breast  cancer,  consumed  fewer  vegetables,  and  were  less  likely  to  reside  in  rural  areas 
than  controls. 

Serum  concentrations,  adjusted  for  age  and  serum  lipids,  of  DDE,  HCB,  mirex, 
and  PCBs  in  the  entire  study  population  and  in  the  lactation  groups  are  presented  in  Table 
2.  In  the  total  sample,  cases  tended  to  have  slightly  higher  mean  serum  organochlorine 
concentrations  than  controls,  with  the  exception  of  HCB.  Among  women  who  never 
lactated  cases  had  higher  serum  levels  of  all  compounds  under  investigation.  Although 
these  differences  in  means  were  of  greater  magnitude  than  in  the  total  study  sample,  none 
were  statistically  significant.  In  contrast,  among  women  who  had  ever  lactated,  cases  had 
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slightly  lower  levels  than  controls  of  most  of  these  compounds,  with  the  exception  of 
total  number  of  PCB  congener  peaks  detected  and  higher  chlorinated  PCBs. 

Risk  of  postmenopausal  breast  cancer  associated  with  environmental  exposure  to 
DDE,  HCB,  and  mirex  is  shown  in  Table  3.  In  the  total  sample  there  was  no  evidence  of 
greater  risk  of  breast  cancer  for  women  with  the  highest  serum  levels  of  DDE  (third 
tertile  OR=1.34;  95%  Cl  0.71-2.55)  and  HCB  (third  tertile  OR=0.81;  95%  Cl  0.43-1.53), 
or  with  detectable  levels  of  mirex  (OR=1.37;  95%  Cl  0.78-2.39).  Among  women  who 
never  lactated  there  was  a  suggestion  of  excess  risk  among  women  in  the  second  and 
third  tertile  of  the  DDE  distribution  (OR=1.95;  95%  Cl  0.58-6.67  and  OR=1.83;  95%  Cl 
0.63-5.33,  respectively).  However,  further  adjustment  for  serum  PCB  levels  reduced  the 
magnitude  of  these  estimates  (OR=1.61;  95%  Cl  0.61-6.01  and  OR=1.32;  95%  Cl  0.59- 
4.08,  respectively  [data  not  shown]).  Similarly,  in  this  group  there  was  some  evidence  for 
an  increase  in  risk  as  a  function  of  increasing  HCB  levels  (third  tertile  OR=l  .79;  95%  Cl 
0.59-5.40),  but  again,  further  adjustment  for  serum  PCBs  substantially  reduced  this 
estimate  (OR=1.21;  95%  Cl  0.50-4.1 1,  data  not  shown).  Among  women  who  never 
lactated,  those  with  detectable  levels  of  mirex  had  a  marginally  significant  two-fold 
increase  in  risk  compared  to  women  with  no  detectable  levels.  This  effect  persisted  after 
serum  PCBs  and  DDE  levels  were  entered  into  the  model.  Among  women  who  ever 
lactated  there  was  no  association  with  risk  and  serum  DDE  and  mirex.  As  for  HCB, 
inverse  associations  were  observed  among  women  with  higher  HCB  levels,  which  were 
most  pronounced  and  statistically  significant  for  women  in  the  second  tertile  of  the 
distribution  (OR=0.32;  95%  Cl  0.14-0.71). 
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The  effect  of  PCB  body  burden  on  breast  cancer  risk  is  presented  in  Table  4.  In 
the  entire  study  population,  women  with  the  highest  serum  PCB  levels  or  the  greatest 
number  of  detected  PCB  congeners  were  not  at  greater  risk  of  breast  cancer  when 
compared  to  women  with  the  lowest  levels  or  fewer  detected  peaks  (OR=1.14;  95%  Cl 
0.61-2.15  and  OR=1.34;  95%  Cl  0.72-2.47,  respectively).  However,  among  women  who 
never  lactated  there  was  some  indication  of  increasing  risk  with  increasing  serum  PCBs 
(third  tertile  OR=2.87;  95%  Cl  1.01-7.29)  and  increasing  number  of  detected  peaks  (third 
fertile  OR=3.31;  95%  Cl  1.04-11.3).  These  effects  were  still  observed  after  adjustment 
for  serum  DDE  and  HCB  (data  not  shown).  For  women  who  had  ever  lactated  there  was 
no  evidence  for  an  adverse  effect  of  these  exposures  on  risk. 

As  for  PCB  congener  groups,  we  observed  some  evidence  of  greater  risk  of  breast 
cancer  for  women  with  detectable  levels  of  lower  chlorinated  PCBs  compared  to  those 
without  detectable  levels,  although  this  effect  was  most  pronounced  for  women  in  the 
lower  half  of  the  distribution  (OR=2.04;  95%  Cl  1.09-3.83).  When  all  women  with 
detectable  levels  were  compared  to  women  without  detectable  levels  the  OR  was  1.61 
and  the  95%  Cl  was  1.07-3.51.  The  ORs  were  similar  after  adjustment  for  serum  DDE 
and  HCB  levels.  No  such  effect  was  observed  for  the  moderately  chlorinated  PCBs  (third 
tertile  OR=1.37;  95%  Cl  0.73-2.59)  or  the  higher  chlorinated  PCBs  (third  tertile 
OR=1.19;  95%  Cl  0.60-2.36).  Among  women  who  never  lactated,  higher  levels  of 
moderately  chlorinated  PCBs  (third  tertile  OR=3.57;  95%  Cl  1.10-8.60),  but  not  higher 
chlorinated  PCBs  (third  tertile  OR=1.53;  95%  Cl  0.47-4.98)  were  associated  with 
increased  risk  of  breast  cancer.  Among  women  who  had  ever  lactated  there  was  no 
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evidence  for  an  increase  in  breast  cancer  risk  in  relation  to  higher  serum  concentrations  of 
moderately  or  higher  chlorinated  PCBs. 

DISCUSSION 

Results  from  this  case-control  study  did  not  indicate  that  environmental  exposure 
to  DDE,  HCB,  mirex,  and  PCBs  was  related  to  breast  cancer  risk  in  the  entire  study 
sample,  with  the  exception  of  a  modest  increase  in  risk  associated  with  having  detectable 
levels  of  lower  chlorinated  PCB  congeners.  However,  among  parous  women  who  never 
lactated  there  was  some  evidence  of  greater  risk  for  women  with  elevated  levels  of  mirex, 
total  PCBs,  and  moderately  chlorinated  PCBs,  as  well  as  for  those  with  the  highest 
number  of  detected  PCB  congeners.  Furthermore,  among  women  who  had  ever  lactated, 
we  found  no  association  with  environmental  organochlorine  exposure  and  breast  cancer 
risk. 

Elevated  serum  levels  of  DDE  were  not  associated  with  breast  cancer  risk, 
although  there  was  some  evidence  for  greater  risk  with  higher  levels  among  women  who 
never  lactated.  Attenuation  of  this  effect  when  serum  PCB  levels  were  included  into  the 
model  suggests  that  the  observed  risk  was  largely  driven  by  the  association  of  DDE  with 
serum  PCB  levels.  These  findings  are  in  contrast  to  those  reported  by  Wolff  et  al.  (26), 
who  observed  a  nearly  four-fold  increase  in  risk  for  women  with  the  highest  levels  of 
DDE,  which  was  unaffected  by  inclusion  of  PCB  levels  into  the  regression  model. 
Similarly,  Krieger  et  al.  (27)  observed  a  nonsignificant  two-fold  increase  in  risk  of  breast 
cancer  among  white  women  with  the  highest  DDE  body  burden. 

The  effect  of  HCB  on  breast  cancer  risk  has  not  been  previously  reported  in 
studies  employing  an  epidemiologic  study  design.  In  three  studies,  mammary  adipose 
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tissue  levels  of  breast  cancer  patients  were  compared  to  those  of  controls  with  benign 
breast  disease  (24,25)  or  accident  fatalities  (23).  None  of  these  studies  reported  a 
significant  difference  in  HCB  concentrations  between  breast  cancer  cases  and  controls. 
The  absence  of  an  adverse  effect  of  HCB  exposure  in  our  data  was  consistent  with  these 
earlier  studies. 

The  association  between  body  burden  of  mirex  and  breast  cancer  risk  has  not  been 
explored  previously.  In  these  data,  no  increase  in  risk  was  observed  for  detectable  levels 
in  the  entire  study  population,  but  a  borderline  significant  increase  in  risk  became 
apparent  when  the  sample  was  restricted  to  parous  women  who  never  lactated.  The  latter 
finding  needs  to  be  considered  with  caution,  for  the  observed  increase  in  risk  was  based 
on  very  small  numbers  of  women  with  detectable  levels  of  this  compound  (n=35).  Future 
investigations  should  examine  the  association  of  mirex  with  breast  cancer  risk  in 
population  with  greater  exposure  levels  (e.g.,  fish  consumers  or  women  residing  in  the 
southern  US). 

In  these  data,  we  observed  a  modest  increase  in  risk  for  women  with  detectable 
levels  of  lower  chlorinated  PCBs.  Among  the  never  lactating  parous  women  with  higher 
levels  of  total  PCBs,  moderately  chlorinated  PCBs,  or  greater  numbers  of  detected 
congener  peaks  there  was  some  increase  in  risk.  The  investigation  of  the  lower 
chlorinated  congeners  in  relation  to  risk  was  problematic,  since  these  compounds  are 
metabolized  rapidly  and  measured  levels  reflect  only  recent  exposure  (33).  However, 
these  congeners  have  been  associated  with  greater  toxicological  activity,  including 
estrogenic  activity,  than  some  of  the  higher  chlorinated  congeners  (32).  The  rationale  for 
examining  these  lower  chlorinated  PCBs  was  based  on  this  biological  significance,  as 
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well  as  on  the  assumption  that  exposure  to  these  compounds  was  likely  to  be  chronic  in 
nature,  not  changing  significantly  over  time.  Therefore,  serum  levels  at  the  time  of  the 
interview  were  assumed  to  be  representative  of  lifetime  exposure  including  the  time 
critical  for  tumorigenesis.  In  these  data,  a  statistically  significant  increase  in  risk 
(OR=T.66)  was  observed  for  women  with  detectable  levels  of  these  lower  chlorinated 
compounds  in  comparison  to  women  with  no  detectable  levels.  There  was,  however,  no 
evidence  of  a  dose-response  relationship.  These  results  need  to  be  interpreted  with  great 
caution,  because  of  the  underlying  assumption  that  current  serum  levels  of  these 
compounds  actually  reflect  levels  at  the  biologically  relevant  time  period.  Furthermore, 
measurement  of  these  rapidly  metabolized  congeners  was  more  likely  to  be  subject  to 
laboratory  error  than  measurement  of  the  more  stable  and  persistent  congeners.  On  the 
other  hand,  there  is  no  reason  to  believe  that  measurement  error  was  different  for  cases 
and  controls,  in  that  the  laboratory  technicians  were  blinded  to  disease  status. 
Nondifferential  misclassification  may  have  attenuated  the  true  risk  estimate.  Clearly,  the 
effect  of  these  congeners  on  breast  cancer  risk  needs  to  be  explored  in  a  prospective  study 
design,  where  it  may  be  possible  to  obtain  serum  levels  of  these  compounds  from  a  time 
period  that  precedes  disease  onset  by  an  appropriate  induction  period. 

The  observed  effects  of  total  PCBs,  moderately  chlorinated  PCBs,  and  number  of 
detected  peaks  warrants  further  comment.  Number  of  detected  peaks  was  examined  in 
addition  to  the  measure  of  total  serum  PCB  levels  to  determine  whether  prevalence  of  a 
greater  variety  of  congeners  affects  risk  differently  than  total  amount  of  these 
compounds.  In  our  data,  there  was  no  evidence  of  such  a  difference.  Furthermore,  the 
greatest  contributor  to  serum  PCB  levels  were  the  moderately  chlorinated  PCBs;  thus  all 
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three  PCB  exposure  measures  (total  PCBs,  moderately  chlorinated  PCBs,  and  number  of 
PCB  peaks)  were  highly  correlated,  and  observed  risk  elevations  among  women  who 
never  lactated  were  likely  to  reflect  the  same  effect.  However,  the  observation  that  all 
three  PCB  exposures  produced  similar  risk  associations  among  parous  women  who  never 
lactated  strengthens  the  notion  that  environmental  exposure  to  PCBs  may  be  related  to 
risk  in  this  group. 

As  indicated  above,  the  two  previous  epidemiologic  studies  did  not  report  an 
adverse  effect  of  serum  PCB  levels  (26,27).  However,  the  designs  of  these  studies 
differed  from  that  of  this  research  in  some  important  aspects.  First,  both  studies  combined 
pre-and  postmenopausal  breast  cancer  patients  in  their  case  group.  There  is  some 
evidence  that  risk  factors  differ  by  menopausal  status  (34-36).  Second,  risk  estimates  in 
the  earlier  studies  were  not  adjusted  for  serum  lipids;  such  adjustment  had  some  impact 
on  the  magnitude  of  the  ORs  in  this  study.  Third,  statistical  adjustment  for  potential 
confounders  such  as  parity  (26,27)  and  duration  of  lactation  (27)  was  lacking  in  these 
investigations. 

In  general,  our  results  suggest  that  an  adverse  effect  of  organochlorine  body 
burden  on  breast  cancer  risk,  if  present  at  all,  is  restricted  to  parous  women  who  never 
lactated.  The  observed  effect  modification  may  be  explained  in  three  ways.  First, 
organochlorine  body  burden  may  have  been  measured  more  accurately  among  women 
who  had  never  breastfed  an  infant.  Serum  levels  in  this  group  may  represent  a  more  valid 
measure  of  chronic  exposure,  uninterrupted  by  elimination  of  these  compounds  through 
lactation.  Second,  women  who  had  ever  breastfed  an  infant  may  not  be  at  increased  risk 
of  breast  cancer,  if  they  eliminated  a  substantial  amount  of  organochlorine  body  burden  at 
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a  biologically  relevant  period  of  time.  Third,  lactation  in  itself  may  contribute  to  the 
terminal  differentiation  of  the  mammary  epithelium,  resulting  in  larger  compartments  of 
nonproliferating  cells  (37,38).  Women  who  lactated  may  be  less  susceptible  to  the 
potentially  adverse  effect  of  PCBs.  In  this  study  population,  history  of  lactation  was 
associated  with  a  slight  reduction  of  breast  cancer  risk  (39). 

There  are  several  limitations  associated  with  this  research  that  need  to  be 
considered  in  interpreting  these  findings.  The  low  participation  rates  in  the  case  and 
control  group  may  have  introduced  error  due  to  selection  bias.  Among  the  breast  cancer 
case  group,  nonparticipation  may  have  resulted  in  a  case  sample  that  is  not  representative 
of  all  women  with  breast  cancer.  However,  the  majority  of  nonparticipation  of  cases  was 
due  to  their  physicians’  refusal  to  allow  the  patients  to  contacted  by  the  interviewers. 

Thus,  nonparticipation  of  the  cases  may  reflect  physician  characteristics,  rather  than 
patient  characteristics,  which  may  minimize  the  potential  influence  of  bias  on  these 
results.  Nonparticipation  of  controls  was  of  equal  concern,  which  may  have  resulted  in  a 
more  motivated  and  possibly  more  health  conscious  control  group.  Results  from  a  brief 
telephone  interview  comparing  a  sample  of  controls  who  refused  to  participate  with  a 
sample  of  those  who  agreed  to  participate,  indicated  that  these  groups  did  not  differ  with 
regard  to  dietary  intake  of  fruits,  vegetables,  and  meats,  nor  did  they  differ  with  respect  to 
cigarette  use  (28).  It  is  unknown  whether  nonparticipation  among  cases  and  controls  was 
related  to  exposure  to  PCBs.  Selection  bias  may  have  been  additionally  introduced 
among  the  participants  included  in  the  toxicological  analyses.  Participants  who  are  agreed 
to  provide  a  blood  sample  were  more  likely  to  have  breastfed  an  infant  than  those  who 
refused,  for  both  the  case  and  control  group.  Among  participants  who  were  selected  for 
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toxicological  analyses,  however,  this  difference  with  respect  to  lactation  history  was 
more  pronounced  in  the  case  group  than  in  the  control  group.  Thus,  in  the  sample 
available  for  this  study,  breast  cancer  cases  with  a  history  of  lactation  were  likely  to  be 
overrepresented. 

Another  concern  in  interpreting  these  findings  relates  to  the  small  number  of 
women  in  both  lactation  groups.  When  these  groups  of  women  were  divided  into  tertiles, 
the  numbers  in  the  cells  became  small  and  the  corresponding  risk  estimates  became 
unstable.  Despite  these  sample  size  restrictions,  a  statistically  significant  increase  in  risk 
was  observed  for  several  PCB  exposures.  Lack  of  statistical  power  may  have  prevented 
the  detection  of  more  subtle  risk  elevations  in  association  with  organochlorine  exposure 
in  the  entire  sample. 

Two  further  limitations  of  this  study  relate  to  the  use  of  blood  serum  levels  of 
these  compounds  as  a  method  of  exposure  assessment.  With  regard  to  studying  breast 
cancer,  the  obvious  tissue  of  choice  would  be  mammary  adipose  tissue.  Serum 
organochlorine  levels  can  only  function  as  a  surrogate  measure  of  body  burden  in  the 
target  tissue.  Variations  in  serum  organochlorines  have  been  observed  with  respect  to 
serum  lipids  (40).  There  is,  however,  good  evidence  that  lipid  adjusted  serum  measures 
estimate  the  tissue  levels  (40-42).  A  more  serious  concern  with  respect  to  use  of  blood 
serum  levels  involves  the  fact  that  the  blood  sample  in  the  case  group  was  obtained  after 
diagnosis  of  breast  cancer.  It  could  therefore  not  be  determined  whether  PCB  levels  were 
associated  with  the  disease  process,  or  were  the  result  of  metabolic  changes  associated  with 
disease  progression.  While  cancer  treatment  may  affect  organochlorine  levels  (43),  case 
selection  for  toxicological  analysis  excluded  those,  who  underwent  chemotherapy  or 
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radiation  therapy  before  the  blood  sample  was  selected.  However,  there  may  still  be  an 
effect  of  the  disease  process  on  measured  levels  of  these  compounds. 

In  conclusion,  results  from  this  study  do  not  indicate  that  environmental 
organochlorine  exposure  is  a  risk  factor  for  breast  cancer  in  postmenopausal  women, 
although  there  may  be  an  effect  of  PCBs  for  parous  women  who  had  never  lactated.  The 
observed  effects  in  the  latter  group  should  be  considered  with  caution,  since  they  are 
based  on  a  small  number  of  participants.  Clearly,  the  role  of  organochlorine  exposure  in 
breast  cancer  etiology  needs  to  be  explored  further  in  future  research  efforts.  Ideally,  a 
long  term  prospective  study  design  should  be  utilized  to  examine  serum  levels  of  these 
compounds  that  reflect  body  burden  of  a  time  period  preceding  the  onset  of  this  disease; 
thus,  ruling  out  a  potential  effect  of  the  disease  process  itself  on  measured  levels  of  these 
compounds.  A  prospective  study  could  also  examine  the  effect  of  the  lower  chlorinated 
congeners  with  more  precision,  avoiding  the  assumption  that  present  levels  of  these  PCBs 
reflect  past  exposure.  Future  research,  case-control  studies  as  well  as  cohort  studies, 
should  also  aim  at  examining  this  association  among  premenopausal  women.  Finally, 
future  studies  should  employ  similar  epidemiologic  (e.g.,  determination  of  PCB  congener 
group;  treatment  of  samples  with  measures  below  the  limit  of  detection)  and  laboratory  (e.g., 
proficiency  testing;  sample  acquisition  and  storage)  methodologies,  to  ensure  comparability 
of  results  across  studies. 
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Serum  concentrations  of  organochlorines  in  postmenopausal  breast  cancer  cases  and  community  controls  -  Western  New  York  1986-1991. 


women  with  at  least  one  livebirth,  excluding  48  nulliparous  women; 2  adjusted  for  age  and  serum  lipids;  na=not  applicable 


Risk  of  postmenopausal  breast  cancer  associated  with  environmental  exposure  to  DDE,  HCB,  and  mirex  -  Western  New  York  1986-1991. 
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vegetable  intake,  and  serum  lipids;  5  95%  confidence  interval;  6  DDE  tertile  cutpoints  (ng/g  of  serum):first  tertile=0.02-5.07,  second  tertile=5. 10-10.98,  third 
tertile=l  1.0-76.2;  7HCB  tertile  cutpoints  (ng/g  of  serum):first  tertile=0-0.34,  second  tertile^O.3 5-0.44,  third  tertile=0.45-l  .35;  8mirex  levels  >  LOD  ranged  from 
0.06  to  0.99  ng/g  of  serum;  LOD=limit  of  detection. 


Risk  of  postmenopausal  breast  cancer  associated  with  environmental  exposure  to  polychlorinated  biphenyls  (PCBs)  -  Western  New  York  1986-1991. 
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PART  TWO  -  PCB  CONGENER  GROUPING 


INTRODUCTION 

Polychlorinated  biphenyls  (PCBs)  are  persistent,  lipophilic  compounds  that  are 
ubiquitous  in  the  environment.  The  number  of  chlorine  atoms  introduced  into  the 
biphenyl  molecule  determines  the  structure  of  each  PCB.  Isomeric  PCBs  are  those  with 
the  same  molecular  weight,  i.e.,  number  of  halogen  substitutions.  There  are  209  possible 
PCB  congeners  or  homologues.  PCB  congeners  with  five  to  seven  chlorine  atoms  per 
molecule  are  most  likely  to  bioaccumulate.  These  moderately  chlorinated  isomer  groups 
(penta-,  hexa-,  and  hepta-  chlorobiphenyls)  account  for  1 12  of  the  209  congeners.  They 
were  synthesized  in  high  proportions  in  many  commercial  preparations  and  are  likely  to 
be  prevalent  in  the  environment.  The  more  highly  chlorinated  congeners  are  generally 
less  available  to  organisms  both  because  they  bind  more  tightly  with  soils  and  sediments 
and  because  they  are  present  in  lower  quantities  in  the  environment.  Congeners  with 
fewer  chlorines  are  more  readily  metabolized  and  eliminated  (1).  In  addition  to 
differences  in  bioaccumulation,  certain  PCB  congeners  also  differ  with  respect  to 
endocrine  (2,3),  neurotoxic  (4,5),  cytochrome  P450  enzyme  induction  (1)  and  dioxin-like 
(6,7)  activity. 

PCBs  have  been  implicated  in  the  etiology  of  a  variety  of  health  effects,  including 
reproductive  and  perinatal  outcomes  (8,9),  developmental  outcomes  (10),  neurological 
(11,12),  cognitive  (13,14),  and  behavioral  (15,16)  development,  as  well  as  cancer  (17,18). 

Improvements  in  analytic  methods  have  led  to  more  detailed  PCB  data  available 
for  epidemiologic  studies.  Total  PCB  level,  as  one  measurement  or  the  sum  of  a  few 
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prevalent  congeners,  has  been  replaced  by  toxicologic  values  for  a  variety  of  specific 
PCB  congeners.  The  availability  of  congener-specific  data  may  provide  greater  insight  in 
the  role  of  PCBs  in  the  etiology  of  various  health  outcomes,  in  that  congeners  with 
specific  biological  activities  can  be  examined  in  relation  to  health  effects.  However,  it  is 
generally  inappropriate  to  analyze  individual  congeners  in  relation  to  an  outcome  due  to 
issues  of  multiple  comparison  (19).  Thus,  it  is  important  to  group  these  congeners  into 
meaningful  analytic  units. 

The  purpose  of  this  paper  was  to  explore  the  utility  of  five  potential  frameworks 
for  grouping  PCB  congener  data  into  meaningful  analytic  units.  Our  attempts  to  develop 
these  frameworks  have  shown  us  that  the  utility  of  a  framework  is  not  purely  based  on 
biological  significance,  but  also  on  data  availability.  In  other  words,  a  framework  with 
high  biological  significance  that  proposes  groups  of  PCB  congeners  that  are  rarely 
detected  in  humans  is  less  useful  than  one  with  less  biologic  significance  which  proposes 
groups  of  individual  PCBs  that  are  commonly  detected. 

We  explored  grouping  frameworks  based  on  biochemical  characteristics  (degree 
of  chlorination),  toxicological  characteristics  (cytochrome  P450  enzyme  induction 
activity),  and  statistical  characteristics  (factor  loadings).  In  addition,  we  applied  to  our 
data  the  frameworks  proposed  by  McFarland  &  Clarke  (1),  based  on  environmental 
significance,  and  by  Wolff  et  al.  (20),  designed  for  epidemiological  studies. 
MATERIALS  AND  METHODS 

The  study  sample  was  a  subset  of  the  control  group  of  the  Western  New  York 
breast  cancer  study.  A  more  detailed  description  of  the  study  population  was  published 
elsewhere  (21).  Briefly,  the  sample  included  192  healthy  female  residents  of  Erie  and 
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Niagara  counties  in  western  New  York,  who  agreed  to  provide  a  fasting  blood  sample 
and  were  subsequently  selected  for  toxicological  analyses.  All  participants  were 
Caucasian  and  ranged  in  age  between  45-81  years. 

Determination  of  serum  PCB  levels  (56  PCB  peaks,  representing  71  congeners)  was 
performed  by  the  Toxicology  Research  Center  using  the  method  of  Greizerstein  et  al.  (22). 
The  procedures  included  standardized  extraction,  clean  up  and  quantification  by  high 
resolution  gas  chromatography  (GC)  and  a  comprehensive  quality  assurance  program  to 
minimize  systematic  and  erratic  errors.  Quantification  was  based  on  calibration  standards 
and  response  factors  calculated  using  purchased  reference  materials.  The  limit  of  detection 
(LOD)  for  each  analyte  was  determined  as  the  mean  of  background  noise  plus  three  standard 
deviations  in  five  reagent  blank  samples. 

RESULTS 

PCB  congeners,  which  were  detected  in  this  study  population,  identified  by 
IUPAC  number  and  summarized  by  isomer  group,  are  shown  in  Table  1 .  No  mono-  or 
deca-biphenyls  were  detected  in  the  sera  of  our  participants,  due  to  their  limited 
bioaccumulation.  The  majority  of  the  detected  PCBs  were  in  the  tetra-,  penta,  hexa,  and 
hepta  biphenyl  isomer  groups,  as  expected,  consistent  with  their  higher  likelihood  of 
bioaccumulation. 

Using  biochemical  characteristics  to  group  the  congeners  resulted  in  three  groups 
based  on  the  degree  of  chlorination  of  the  individual  PCBs.  The  lower  chlorinated  PCB 
congener  group  contained  all  detected  di-,  tri,  and  tetra-biphenyls;  the  moderately 
chlorinated  PCB  group  included  all  penta-,  hexa,  and  hepta-biphenyls;  and  the  higher 
chlorinated  PCB  group  contained  all  octa-  and  nona-biphenyls.  As  is  shown  in  Table  2, 
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all  participants  had  detectable  levels  for  the  moderately,  and  higher  chlorinated  PCBs, 
and  a  high  proportion  (68  percent)  had  detectable  levels  for  the  lower  chlorinated  PCBs. 

The  second  approach  involved  grouping  PCB  congeners  with  respect  to  their 
cytochrome  P-450  enzyme  induction  properties,  that  is  by  phenobarbital-type  (PB-type), 

3 -methyl chlolanthrene-type  (3-MC-type),  or  mixed-type  induction  activity  (Table  2). 
PCBs  with  3-MC-type  induction  activity  are  of  particular  interest  because  they  have  been 
associated  with  the  highest  toxicological  potential  (1).  All  women  had  detectable  levels 
for  the  PB-type,  mixed-type,  and  unknown  induction  activity  groups,  but  only  1 2  percent 
of  the  sample  had  detectable  levels  for  the  3-MC-type  group.  Furthermore,  only  one 
congener  peak  in  the  3-MC-type  group  was  detected  making  the  value  dependent  on  one 
measurement. 

The  third  approach  involved  the  use  of  factor  analysis  to  generate  uncorrelated 
groups  of  PCB  congeners  (Table  3).  In  order  to  avoid  distortion  of  results,  we  eliminated 
those  congeners  for  which  less  than  20  percent  of  the  participants  had  detectable  levels 
(IUPAC  numbers  185,151+82,  99,135,  60,  18,  25+50, 149,  55,  45,  44,  15+17,  97,  70,  40, 
59+42,  16+32,  136, 49,  52,  33,  19).  Principal  component  analysis,  followed  by  a 
varimax  rotation,  was  employed  to  account  for  the  maximum  amount  of  the  variance. 
Eigenvalues,  scree  plots,  the  variance  explained,  and  interpretability  of  the  factors  were 
examined  to  determine  the  number  of  factors.  Factor  structures  were  determined  by 
selecting  items  with  loadings  >0.35,  regardless  of  direction  (+).  Items  loading  >0.35  on 
two  or  more  factors  were  considered  only  in  the  factor  with  their  highest  score.  Although 
these  factors  are  relatively  uncorrelated,  and  all  the  underlying  assumptions  of  this 
statistical  technique  were  met,  these  five  groups  of  congeners  do  not  appear  to  follow  any 
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meaningful  pattern,  such  as  Arochlor  exposure  profile,  degree  of  chlorination,  enzyme 
induction,  carcinogenic  or  estrogenic  activity. 

The  fourth  approach  is  based  on  the  environmental  significance  of  the  PCBs 
considering  potential  toxicity,  frequency  of  occurrence,  and  abundance  in  animal  tissue 
(1).  Group  la  contains  the  coplanar  PCBs  with  pure  3-MC-type  induction  activity  and 
group  lb  contains  the  mixed  type  inducers  that  are  abundant  in  environment  and  animal 
tissues.  Group  2  is  made  up  of  known  and  predicted  phenobarbital  -type  inducers,  which 
are  abundant  in  environment  and  animal  tissues.  Group  3  includes  weak  or  non-inducing 
PCBs  that  are  common  in  environment,  and  group  4  consists  of  mixed-type  inducers  with 
few  reported  environmental  occurrences.  The  congeners  in  groups  la  and  b  are  of  the 
highest  priority  because  of  their  greatest  potential  to  produce  biological  effects.  All 
participants  had  detectable  levels  for  congeners  in  groups  lb,  2,  and  3,  but  only  a  small 
proportion  for  group  la,  which  is  identical  to  the  3-MC  congener  group,  discussed  above. 
None  of  the  PCBs  in  group  4  were  detected  in  our  participants,  which  was  not  surprising, 
since  this  group  was  characterized  by  congeners  with  few  environmental  occurrences. 

The  final  framework  in  this  evaluation  was  recently  proposed  by  Wolff  and  her 
colleagues  (20)  and  is  based  on  major  PCB  peaks  occurring  in  house  dust  or  human 
samples.  Briefly,  in  this  framework,  group  1  consists  of  potentially  estrogenic  PCBs,  with 
non-persistent,  estrogenic  PCBs  with  weak  PB-type  induction  activity  in  group  la  and 
persistent  PCBs  with  weak  PB-type  induction  activity  in  group  lb.  Group  2  includes 
potentially  antiestrogenic,  immunotoxic  and  dioxin-like  PCBs.  Specifically,  group  2a 
consists  of  moderately  persistent  PCBs  with  dioxin  activity  and  group  2b  includes 
persistent  PCBs  with  limited  dioxin-like  activity.  Group  3  includes  biologically  persistent 
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PB-type  inducers.  When  this  framework  was  applied  to  our  data,  we  observed  that  nearly 
all  participants  had  detectable  levels  for  groups  lb,  2a+b,  and  group  3  (Table  4).  Even 
though  only  40  percent  of  the  participants  had  detectable  levels  for  group  la,  the  effect  of 
these  congeners  could  still  be  crudely  assessed  in  epidemiologic  studies,  by  dividing 
study  samples  into  groups  of  participants  with  and  without  detectable  levels. 
DISCUSSION 

In  summary,  the  most  practical  approach  in  these  data  for  reducing  a  large  number 
of  PCB  congeners  into  meaningful  analytic  units  appeared  to  be  grouping  by  degree  of 
chlorination.  A  large  proportion  of  participants  had  detectable  levels  for  all  proposed 
groups.  However,  this  practical  characteristic  is  counteracted  by  the  crudeness  of  this 
approach,  in  that  some  of  the  groups  contain  congeners  with  counteracting  biological 
effects. 

Grouping  with  respect  to  P450  enzyme  induction  activity  was  of  less  utility,  due 
to  the  few  individuals  with  measurable  levels  in  the  group  with  the  greatest  toxicological 
potential  (3-MC-type).  Factor  analysis  was  difficult  to  interpret  in  these  data,  resulting  in 
uncorrelated  factors  that  could  provide  insight  about  the  patterns  of  exposure  and 
retention  of  PCBs  in  the  study  population.  Environmental  significance  groupings  were  of 
limited  utility,  again  due  to  the  few  individuals  with  measurable  levels  of  3-MC-type 
PCBs.  Utility  may  be  improved  by  combining  groups  la  and  b,  although  this  would  be 
accompanied  by  some  loss  of  precision  in  measurement. 

The  grouping  approach  formulated  by  Wolff  et  al.  (20)  was  a  refined  and 
applicable  alternative  to  crude  approach  of  grouping  by  degree  of  chlorination.  This 
framework  takes  into  account  the  biological  properties  of  PCBs  as  well  as  their 


prevalence  in  the  environment  because  it  is  based  on  major  PCB  peaks  detected  in  human 
samples  and  in  house  dust.  This  last  property  may  suggest  that  PCB  measures  from  other 
studies  could  result  in  reasonably  high  proportions  of  participants  with  detectable  levels 
for  the  PCBs  in  the  proposed  groups. 

There  are  several  issues  that  need  to  be  addressed  in  the  context  of  evaluating 
grouping  frameworks  for  PCB  congeners.  First,  we  need  to  point  out  that  measured  PCB 
levels  were  obtained  from  a  particular  study  population,  specifically  Caucasian, 
postmenopausal  females,  with  no  known  special  exposure  (e.g.,  contaminated  fish 
consumption,  occupational  exposure).  Advanced  age  (the  mean  age  in  this  study 
population  was  61  years)  has  been  associated  with  greater  PCB  body  burden  and  it  is 
likely  that  more  PCB  peaks  were  detected  in  our  sample  than  in  a  younger  study 
population  with  comparable  characteristics.  On  the  other  hand,  it  is  possible  that  fewer 
peaks  were  detected  in  this  population  than  among  a  group  of  younger  individuals  with 
high  environmental  or  occupational  exposures.  Furthermore,  the  accumulation  and 
kinetics  of  PCBs  in  adult  women  is  likely  to  be  very  different  from  men.  There  is  good 
evidence  that  lactation  affects  PCB  body  burden  (23),  as  well  as  some  consideration  that 
pregnancy  itself  may  affect  accumulation  of  these  compounds  (24).  All  of  these 
characteristics  of  this  study  population  were  likely  to  have  had  an  impact  on  the  observed 
utility  of  the  grouping  frameworks.  I  other  words,  the  framework  that  were  found  to  be 
useful  in  our  population  may  be  of  little  utility  when  applied  to  study  populations  with 
different  characteristics. 

Another  issue  involves  the  notion  that  grouping  of  PCB  congeners  requires 
consideration  of  biologic  significance  as  well  as  data  availability.  Theoretical  approaches, 
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based  purely  on  biologic  significance,  may  lose  utility  when  applied  to  actual  data,  due  to 
the  fact  that  some  of  the  most  biologically  active  PCBs  may  rarely  be  detected  in  humans. 

Lack  of  generalizibility  of  a  framework  to  a  variety  of  health  outcomes  is  also  a 
problem  in  the  development  of  grouping  frameworks.  Grouping  PCBs  with  respect  to 
endocrine  activity  may  be  useful  for  health  outcomes  that  are  hormone  dependent  but  not 
for  those  that  are  not.  It  is  therefore  unlikely  that  one  uniform  framework  will  be 
applicable  for  all  epidemiologic  studies,  suggesting  that  several  frameworks  may  be 
needed,  defined  by  the  biologic  mechanism  of  various  diseases  or  disorders  under 
investigation. 

Furthermore,  the  uniform  utilization  of  PCB  congener  frameworks  is  complicated 
by  differences  in  laboratory  methods,  resulting  in  differences  in  availability  of  the 
number  of  PCB  congeners.  For  instance,  among  the  seven  studies  currently  underway  to 
examine  the  association  between  organochlorine  exposure  and  breast  cancer  risk,  the 
number  of  PCB  peaks  available  for  analysis  ranges  from  9  to  56  (25).  Thus,  even  if 
frameworks  exist  that  are  applicable  over  a  range  of  health  outcomes,  they  may  not  be 
useful  for  studies  with  a  limited  number  of  PCB  congeners  available  for  analysis. 

Finally,  it  is  important  to  point  out  that  this  research  was  intended  to  explore 
various  approaches  in  grouping  PCB  congeners,  and  subsequently  continue  the 
discussion  on  this  essential  issue.  The  ultimate  goal  of  this  discussion  should  be  the 
comparability  of  epidemiological  findings  across  a  number  of  studies.  There  is  some 
effort  among  toxicologists  who  provide  PCB  measures  for  epidemiologic  studies,  to 
engage  in  proficiency  programs,  to  ensure  comparability  of  the  biological 
measurements  across  studies  (25).  These  efforts  should  be  extended  to  the 
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epidemiological  side  of  these  research  projects,  by  determining  comparable 
approaches  in  data  analysis.  However,  as  outlined  above,  there  are  many  problems 
associated  with  the  development  of  meaningful  frameworks  for  PCB  congener  data, 
underlining  the  importance  of  continuing  the  discussion  among  researchers  from  all 
disciplines. 
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Table  2. 


Polychlorinated  biphenyl  (PCB)  congeners  detected  in  a  sample  of  192  postmenopausal  women  grouped  by 
degree  of  chlorination  and  cytochrome  P450  enzyme  induction  activity  -  Western  New  York  1986-1991. 


Congener  Group 

PCB  Congeners  (IUPAC  #s) 

Percent  with 
Detectable 
Levels 

Degree  of  Chlorination 

Lower  Chlorinated 

Congeners 

#18,  #19,  #22,  #15+17,  #16+32,  #25+50, 

#31+28,  #33,  #40,  #45,  #44,  #49,  #52,  #55, 

#60,  #64,  #70,  #42+59,  #47+48,  #66+95, 
#77+110 

68 

Moderately  Chlorinated 
Congeners 

#82+151, #87,  #97,  #99,  #101,  #105+132,  #118, 
#128,  #129,  #134,  #135,  #136,  #138, 

#141+179,  #147,  #149,  #153,  #156+171,  #172, 
#176,  #177,  #180,  #183,  #185,  #187,  #188, 
#174+181 

100 

Higher  Chlorinated 

Congeners 

#194,  #195,  #200,  #203+196,  #205,  #206 

100 

Cytochrome  P450  Induction  Activity 

PB-type 

#15+17,  #52,  #66+95,  #87,  #99,  #101,  #136, 
#82+151,  #153,  #180,  #183,  #194,  #195, 
#203+196,  #205,  #206 

100 

3-MC-type 

#77+110 

12 

Mixed-type 

#138,  #118,  #128,  #156+171 

100 

No  Known  Activity 

#6,  #7+9,  #16+32,  #18,  #19,  #22,  #25+50, 
#31+28,  #33,  #40,  #45,  #47+48,  #49,  #55, 
#42+59,  #60,  #70,  #97,  #129,  #134,  #135, 
#141+179,  #147,  #149,  #176,  #177,  #185, 

#187,  #188,  #200 

100 
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Table  3 


Factor  structures  resulting  from  exploratory  factor  analysis  of  polychlorinated  biphenyl  (PCB)  measures  of 
192  postmenopausal  women  -  Western  New  York  1986-1991. 


PCB  Congeners  (IUPAC  #s) 

Item  Loading 

Factor  1 

%  Variance=23.7 

#203+196 

.82981 

#  180 

.77283 

#  187 

.70407 

#  194 

.69883 

#206 

.62273 

# 156+171 

.48505 

#  172 

.45829 

#  195 

.44947 

Factor  2 

%  Variance=7.8 

#118 

.84253 

#  105+132 

.83215 

#  138 

.74527 

#  147 

.72743 

#  153 

.66349 

#  188 

.58972 

Factor  3 

%  Variance=7.6 

#7+9 

.74536 

#87 

.69466 

#  134 

.62540 

#6 

.48076 

#  47+48 

.46713 

#  177 

.45644 

Factor  4 

%  Variance=6.6 

#22 

.75545 

#31+28 

.57676 

#  101 

.54841 

#  66+95 

.52922 

# 141+179 

.51153 

#  128 

.46491 

#174+181 

.42415 

#  129 

.39163 

Factor  5 

%  Variance^. 5 

#  176 

.86534 

#200 

.74887 

#77+110 

.49235 

#  183 

.37884 

#205 

.35862 
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Table  4 

Polychlorinated  biphenyl  (PCB)  congeners  detected  in  a  sample  of  192  postmenopausal  women  grouped  by 
frameworks  proposed  by  McFarland  and  Clarke  (1989)  and  Wolff  et  al.  (1997) 

-Western  New  York  1986-1991. 


Congener 

Group 

PCB  Congeners  (IUPAC  #s) 

Percent  with 
Detectable  Levels* 

Available  for  Analysis 

Not  Available  for  Analysis 

McFarland  and  Clarke  (1989) 

Group  1  A 

#77+110 

#126,  #169 

12 

Group  1  B 

#118,  #128,  #138, 

#156+171 

#105,  #170 

100 

Group  2 

#87,  #99,  #101,  #153+132, 
#180,  #183,  #194 

100 

Group  3 

#18,  #49,  #52,  #70, 

#151+82,  #177,  #187 

#44,  #74,  #201 

100 

Group  4 

#37,  #81,  #1 14,  #1 19,  #123, 
#157,  #158,  #168,  #189 

0 

Wolff  et  al.  (1997) 

Group  1  A 

#44,  #52,  #31+28,  #70 

40 

Group  1  B 

#101,  #187,  #174,  #177 

#201 

98 

Group  2  A 

#66+95,  #77+1 10, 

#105+132,  #118,  #156+171 

#74,  #126,  #169,  #167 

98 

Group  2  B 

#128,  #138 

#170 

100 

Group  3 

#99,  #153,  #180,  #203+196, 
#183 

100 
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OUTLINE  FOR  FUTURE  ANALYSES 


The  final  part  of  this  postdoctoral  research  will  involve  an  examination  of  the 
association  between  organochlorine  exposure  on  breast  cancer  risk  among  subgroups  of 
women  with  different  capacities  to  metabolize  and  detoxify  environmental  carcinogens. 
This  effort  will  be  conducted  in  collaboration  with  Dr.  Christine  Ambrosone  from  the 
National  Center  for  Toxicological  research  and  Dr.  Peter  Shields  from  the  National 
Cancer  Institute.  In  addition,  we  will  closely  work  with  Dr.  James  Olson  from  the 
Department  of  Toxicology  at  the  State  University  of  New  York  at  Buffalo.  Genetic 
information  in  this  study  population  is  available  for  several  polymorphic  genes:  N- 
acetyltransferase  1  (NAT1),  N-acetyltransferase  2  (NAT2)  Glutathione  S-Transferase  p 
(GST\x),  Cytochrome  P450  1A1  (CYP1A1),  Cytochrome  P450  1A2  (CYP1A2),  and 
Cytochrome  P450  2D6  (CYP2D6). 

In  addition,  we  will  attempt  to  examine  whether  the  effect  of  organochlorine 
exposure  on  breast  cancer  risk  is  different  for  estrogen  receptor  positive  and  estrogen 
receptor  negative  breast  cancer.  Unfortunately,  at  this  point  we  were  only  able  to 
ascertain  the  estrogen  receptor  status  of  about  50  percent  of  our  case  group,  which  may 
not  allow  for  a  detailed  examination  of  this  risk  association. 
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